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SIGNing a symbiotic treaty with
gut microbiota
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Beneficial microbes hold great promise for
the treatment of a wide range of immune
and inflammatory disorders. In this issue
of The EMBO Journal, Lightfoot and collea-
gues report how the food-grade bacterium
Lactobacillus acidophilus helps the immune
system to limit experimental colitis in
mice through interaction between SIGNR3
and surface layer protein A (SlpA) in
L. acidophilus. These results pave the way
for future development of novel therapies
for inflammatory diseases, including
inflammatory bowel disease.

See also: YL Lightfoot et al (April 2015)

esearch in the field of host-microbial

interactions has historically focused

on the diverse immune responses to
pathogenic infection afflicting humans and,
reciprocally, on how the pathogen subverts
the myriad of immune mechanisms in place
to protect the host. However, the vast major-
ity of the host-microbial interactions are of
a symbiotic nature. The human epithelia are
inhabited by an estimated 100 trillion
commensals (the so-called microbiota) that
outnumber host cells by a factor greater than
ten. The human microbiota includes mostly
bacteria and profoundly influences health
and disease. The last decade has shed light
to the essential contribution of the gut
microbiota to human health, which ranges
from energy homeostasis, nutrient uptake,
and vitamin synthesis functions, to immune
homeostasis and protection against gut
inflammation and infection (Dorrestein et al,
2014), and to more unexpected behavioral
and even emotional functions. Importantly,
the therapeutic potential of manipulating the
gut microbiota using probiotics, genetically
engineered commensals, and microbiota

transplantation has burgeoned (Buffie &
Pamer, 2013). In addition, the impact of the
gut microbiota on immunity at body sites
other than the intestine was documented
with early reports showing that germ-free
(GF) mice are impaired in oral tolerance to
foodborne allergens (Buffie & Pamer, 2013).
Therefore, the prominent role of the micro-
biota in immunity and inflammatory disease
has awakened keen interest to investigate
the cellular and molecular mechanisms, by
which commensal gene products and their
corresponding host sensors influence the
immune system and tolerance mechanisms.
Microbial-associated molecular patterns
(MAMPs) are conserved bacterial moieties
in commensal bacteria that modulate
multiple aspects of the immune system.
Classical examples of MAMPs are lipopoly-
saccharide (LPS), peptidoglycan (PG), poly-
saccharide A (PSA), lipoteichoic acids
(LTA), lipoproteins (LP), and microbial RNA
and DNA (Thaiss et al, 2014). In the case of
inflammatory bowel disease (IBD), PSA
promotes peripheral tolerance through the
induction of regulatory T cells, which effi-
ciently mitigate the disease and contribute to
microbial coexistence and colonic health
(Buffie & Pamer, 2013). Important for the
establishment of this type of peripheral
tolerance is the presence of host “sensors,”
such as pattern-recognition receptors (PRR),
which recognize and transduce the signals
and effects induced by MAMPs. Epithelium-
associated, enteric macrophages, dendritic
cells (DC), T cells and B cells, differentially
express three major groups of PRRs: the cell
surface Toll-like receptors, the intracellular
nucleotide-binding oligomerization domain
receptors, and the C-type lectin receptors
(CLRs). Studies in mice with deficiencies in
innate immune pathways dictated by these

PRR families demonstrated that some of
their members play critical roles in the inter-
face with microbiota (Thaiss et al, 2014).
The context of the interaction between a
PRR and its MAMP ligand determines
whether the activation and function of the
immune cells are beneficial or harmful to
the host (Dorrestein et al, 2014; Thaiss et al,
2014).

A major challenge to elucidate how
microbiota can be employed as a treatment
or prevention of numerous diseases, includ-
ing IBD, is to characterize the composition
and properties of individual MAMPs and to
identify their respective PRRs expressed by
Yet, the
strong potential for variation at the func-
tional level for each MAMP according to
bacterial specie, and the redundant role
among different MAMPs, represents a diffi-
cult obstacle to fully delineate the signaling
pathways that establish the beneficial effects
provided by commensal bacteria.

In this issue of The EMBO Journal,
Lightfoot et al (2015) provide an elegant
demonstration of how, by applying genetic
tools to generate a beneficial strain of Lacto-
bacillus acidophilus, the impact of individual
microbial MAMPs can be assessed on the
host immune response and development of
IBD. Previous work by this group estab-
lished that L. acidophilus directly stimulates
DCs to activate T cells, inducing an immuno-
modulatory effect heavily influenced by
microbial surface-exposed (S-layer) mole-
cules, such as proteins encoded by the
slpA, slpB, and slpX genes (Lightfoot &
Mohamadzadeh, 2013). From these studies,
it was suggested that the SIpA protein
interaction with the human CLR, DC-specific
ICAM-3-grabbing non-integrin (DC-SIGN/
CD209), significantly contributed to the

intestinal innate immune cells.
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potential regulation role for L. acidophilus
(Lightfoot & Mohamadzadeh, 2013). In
Lightfoot et al (2015), irrefutable evidence is
presented for the in vivo role of the SIpA-
induced protective immune regulation.
Using the L. acidophilus strain expressing
SIpA (SIpA™SIpB~SIpX LTA ), the authors
now demonstrate this protein (i) promotes
intestinal regulation at steady-state condi-
tions; (ii) maintains intestinal barrier func-
tion and prevents dysbiosis in pathogenic
T-cell induced colitis; and (iii) binds specifi-
cally to one of the murine homologs of
DC-SIGN, SIGNR3, to induce regulatory
signals that ensure a strong protection
against dextran sulfate sodium (DSS)-
induced colitis (Fig 1).

An obvious implication for these obser-
vations is the therapeutic value for the SIpA-
DC-SIGN interaction in humans. Human
DC-SIGN is a type II transmembrane CLR
that is characterized by one single extracel-
lular CRD that recognizes fucosylated and
mannosylated glycans, such as the blood-
type Lewis antigens and high-mannose
structures. This glycan specificity confers
DC-SIGN the capacity to bind a wide
range of ligands, both pathogen-derived
(e.g. Mycobacterium tuberculosis) and self-
glycoproteins (Garcia-Vallejo & van Kooyk,
2013). More recently, DC-SIGN was also
shown to recognize sialylated immunoglob-
ulins and mediate their therapeutic effects
(Garcia-Vallejo & van Kooyk, 2013). As
demonstrated in Lightfoot et al (2015), an
alternative in vivo approach to study the
role of DC-SIGN is to analyze the resistance
or susceptibility of mice deficient for its
closest mouse homologs (i.e. SIGNRI,
SIGNR3) in experimental colitis. In the
context of TLR-4 deficiency, mice lacking
SIGNR1 display a reduced susceptibility to
experimental colitis relative to severity of
disease observed in wild-type animals,
suggesting a pro-inflammatory role in
response to LPS (Saunders et al, 2010). By
contrast, mice lacking SIGNR3 exhibit
susceptibility to DSS-induced colitis, as
demonstrated by increased weight loss and
aggravated colitis symptoms. Although no
direct evidence was provided in this study,
the authors hypothesized that SIGNR3
recognition of fungi present in the microbi-
ota leads to protection against exacerbation
of DSS-induced colitis, mainly through the
control of TNFa production in the colon
(Eriksson et al, 2013). Taking into account
recent reports about the critical involvement
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Immune modulation established by the SIpA-SIGNR3 interaction in murine experimental

(Left) Epithelium-associated, enteric antigen-presenting cells (e.g. dendritic cells) recognize the Lactobacillus
acidophilus strain expressing SIpA (SIpA*SIpB~SIpX LTA™) through the C-type lectin receptor SIGNR3, which
promotes intestinal regulation during experimental colitis. This includes the generation of an anti-inflammatory
environment favoring the induction of regulatory T cells, which regulate other pro-inflammatory T-cell
responses and protect against colitis, as reflected in the optimal maintenance of the intestinal barrier and
prevention dysbiosis. (Right) Epithelium-associated, enteric antigen-presenting cells lacking SIGNR3 fail to
recognize and bind to the L acidophilus strain expressing SIpA. As a consequence, a pro-inflammatory
environment becomes uncontrolled and characterized by the induction of T-cell responses that exacerbate
experimental colitis and ultimately leads to permeability of the intestinal barrier and dysbiosis of the gut
microbiota. The illustration was inspired and adapted from Lightfoot and Mohamadzadeh (2013).

of other CLRs to the development of murine
colitis (Saba et al, 2009; Muller et al, 2010;
Iliev et al, 2012; Hutter et al, 2014), we
envisage that further understanding of CLR
biology in the interface with microbiota will
come from the continuing search for novel
receptors and their MAMP ligands, studying
signaling pathways and sequence motifs
involved in CLR signaling cross talk and
function upon interaction with different
microbiota strains and their products, and
elucidating the CLR impact in innate and
adaptive immune responses in IBD, other
autoimmune disorders, and chronic inflam-
matory disease.

The use of genetic tools to derive novel
beneficial strains of commensal bacteria will
be crucial to identify the microbial source of

therapeutic molecules and to characterize
the molecular mechanisms responsible for
the modulation of the immune system. In
this regard, the pioneering efforts to gener-
ate beneficial strains of L. acidophilus
pave the way for the development of cost-
effective therapeutic strategies to reprogram
mucosal immunity in order to treat disease,
without any obvious side effects upon
consumption or permanent suppression of
naturally occurring inflammation, as this
food-grade bacterium does not permanently
colonize the gut and can be used as needed
(Mohamadzadeh & Owen, 2011; Lightfoot &
Mohamadzadeh, 2013). All things consider,
when one ponders about how the gut envi-
ronment hosts the presence of foreign organ-
isms that outnumber host cells by a factor
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greater than ten, the SIpA-DC-SIGN interac-
tion reminds us that a symbiotic pact has
been signed and shaped by coevolution of
the host and microbiota.
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